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suMMARY
A generalintegralformoftheboundary-~erequationwhich
includestheReynoldsnormal-stresstermwasderived.Wornthisgeneral
form,twospecialequations- namely,themodifiedmomentumequationand
themodifiedkinetic-energyequation- areobtained.Thesemodifiedequa-
tionsincludetheeffectoftheReynoldsnormalstressinthestream
direction.
Theparametersforthedissipationf them6an-flowkheticenergy
by theshearingstressares~ested by theuseoftheFediaevskyanalysis
fortheshearingstressacrossturbulentboundarylayersandby theuseof
a frictionformulathatmakesthesurfacesheardependontheshapeofthe
velocityprofile,aswellas ontheReynoldsnumbers.Theparameters
obtainedinthiswaywe foundtobe thesameasthosepreviouslyassumed
by otherinvestigators.
TheparametersfortheReynoldsnormalstressaresuggestedby
assumingthata relationbetweenthelocalfluctuatingaxialvelocityand
thelocalmeanveloci~thatisusefulinwindtunnelscanbe usedto
determinesomeoftheparametersuponwhichtheReynoldsnormalstress
maydepend.A testoftheseparametersby a limitedamountofdatashows
nobettercorrelationthan
usedonlyoneofthethree
lackof correlationmaybe
data.
Theimportanceofthe
previouslyobtainedby otherinvestigatorswho
parametersobtainedinthisanalysis.This
causedby incorrectparametersor insufficient
INTRODUCTION
problemofpredictingthe
bulentboun-&rylayerinregionsofad;ersepressure
behaviorofthetur-
gradientshasledto
—.———.— _ .—
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a nuniberof investigationsduringthepast. Someofthemorerepresen-
tativepapersarethoseofBuri(ref.1),(%uschwitz(ref.2),whose
maineffortwasdirectedtowardfindinga singleshapeparameteragainst
whichtheveloci@profilescouldbe correlated,andVonDoenhoffand
Tetervin(ref.3), whofoundthatGruschwitz’ss~estion ofa single-
parameterfamilyofvelocityprofilesappearedtobe essentiallyCorrect
andwhodevelopedan empiricalequationforthepredictionofthedevelop-
mentoftheturbulentboundarylayer.Noneoftheseinvestigations,how-
ever,consideredtheeffectoftherateof increaseinthestreamdirec-
tionoftheReynoldsnormal-stressterm.
Whenthewallshearwascomputedfromexperimentalmeasurementsof
thebounikry-layerveloci~profilesby usingtheVonK&&n momentum
eqution(ref.4),thewallshearstresswasfoundto increasetoward
separation.WalJ_-shear-stressm a urem&ntsmadewitha heat-transfer
instrument(ref.5), however,indicatedthatthewalJshearstress
diminishedtowardseparation.Thisseeminginconsistencyofthewall
shearstresswaschrifiedsomewhatina paperbyWallis(ref.6), who
suggestedthattheusualprocedureofneglectingtheeffectof therate
of increaseoftheReynoldsnormal-stresstermwouldgivemisleading
resultsinthecomputingofthebehaviorof turbulentboundaryhyers
nearseparation.Neglectofthiseffectwouldresultincomputedvalues
givingtoolowa valueofmomentum-thicknessgradientnearseparation.
Thefirstworktowardcheckingthesuggestionofreference6 was
doneby Bidwell(ref.7), whoanalyticallyarrivedata modifiedmomentum
equationwhichincludedtheeffectofalltheReynoldstressterms.
ThedataofSchubauerandKLeba@ff(ref.8) wereusedinevalutingthe
additionaleffects,withtheresultthatonlytheeffectoftherateof
increaseof theReynoldsnormal-stresstermgavean importantcontribution.
Anotherworktowardclarifyingtheproblemwasdoneby Rubertand
Persh(ref.9). Theseinvestigatorsfoundfroma nuniberofmeasurements
ofmean-flowtermsthatthevaluesofmomentum-thiclmessgadientnear
separationcomputedfromtheVonK&man‘ momentumequation(ref.10)did
notcheck,wi~theirexperimentalvalues.Realizingthelimitationsof
theVonKarmanmomentumequation,theseinvestigatorssummedthemean-
flowtermsandthewallshearstressandthensubtractedthissumfrom
theexperhentaUymeasuredmomentmn-thichessgradient.Theresidue
wasassumedtobe dueentirelytotherateof increaseinthestream
directionoftheReyaoldsnormal-stressterm. h addition,theyinves-
tigatedthekinetic-energyexpressionofreferenceU. Theresiduefor
theirmodifiedexpression,however,wasfoundtabe negligible.
Thepurposeofthispaperistoprovidea derivationof thegeneral
integralformoftheboundaryequationwithoutneglectingtheReynolds
normal-stressterm. Twospecialcasesof thisequationaregivenexplic-
itly.Theyarethemmnentumequationandthekinetic-energyequation.
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BothexpressionsincludetheReynoldsnormal-stressterm. Thepresent
workalsosuggestsparameterswhichinfluencethedissipationf the
mean-flowkineticenergyby theshearingstressandby theReynolds
normalstress.
Thispaper,withmodificationsa to somedetails,wassubmittedto
theUniversi~ofVirginiaintheformofa thesisinpartialfulfilhent
oftherequirementsof thedegreeofMasterofScienceofAeronautical
Engineering.
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f velocityratio,G/u
~ sheax-stressratioyT/..
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ratioofkinetic-energy
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contractionratio
1
J(by% fJ+iy
#+1 o
exponentof E inderivationof generalintegralequation
J(%-+l)fdy&o
qxponentof y inderivationof generalintegralequation
meanpressure
dynamicpressureoutsidehundarylayer,+ p$
boundary-@yerReynolds
thicbess,U5/v
boundary-layerReynolds
nes~, ue/v
power-profileexponent
c
numberbasedonboundary-layer
numberbasedonmomentumthick-
meanvelocityjustoutsideboundarylayer
meanveloci@inboundaryLayerinx-direction
fluctuatingveloci~inx-direction
timeaverageof u’
meanveloci@inboundarylayeriny-direction
fluctuatingvelocityiny-direction
timeaverageof v’
distancealongsurface
distancenormaltosurface
.
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Immiary-layer
boundaxy-lsyer
boundary-lsyer
absolutevalue
thickess
I
5
displacementthickness, (1- f)dy
o
J8momentumthickness, (1- f)fdyo
ofdynsmicviscosity
kinematicviscosityofair
power-profileparameter,y/6
meandensityofair
totalshearstress
wallshearstress
turbulent-normal-stressco fficient,~
I
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ANALYSIS
DerivationofModifiedIhtegral
Equationsby theMethod
hbmentumandKinetic-Euer~
ofTetervinandIdn
.
Theanalysisdescribedinthissectiondiffersfromthemethodof
TetervinandLin(ref.12)inthreeaspects.Firstofall,theeffect
of suction(orblowing)veloci~isnotconsidered;consequently,all
the V. termsintheanalysisofTetervinandLinareomitted.Sec-
ond,thisanalysisisfortwo-dimensionalflowonly.Althoughthe
momentumequationfortwo-dimensionalflowisnotthesameasforflow
overa bodyofrevolution,itcanbe shownthatthekinetic-energyequa-
tionisthesame.Third,andmostimportant,hisanalysisincludesthe
effectoftherateof increaseoftheRe~,oldsnormalstressinthe
streamdirection.As a result,theVonKarm&momentumequationis
modifiedto includean additionalstresstermandthekinetic-energy
.—. —— -— — —-.-——— -——
—
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equationismodifiedto includetwoReynoldstresstermswhichdiffer
in sign.
H theRemoldsstressteI’m(-~’u’)is ~cluded~
layerequation”forsteady
equationbecomes
(aiiaiipii )—+F— =ax *
two-d~nsionalincompressible
theboundary-
flow,this
(1)
where $(-w%’ ) istheReynoldshear-stresstermand $(wT)
isthetermduetotheincreasingReynoldsnormalstress.It iS thus
seenthattheeffectofan sxiafiy&creasingordecreasingReynolds
normalstressissuchastopr~uceanadditionalstress.Thegeneral
integralformoftheboundary-layerequationof theanal.ysisofrefer-
enceI-2,whenmodifiedas tidicated~ equation(1)>becomes
(2)
where T isthetotaishearstress.
Thegeneralintegralequation(2)wasderivedby multiplyingequa-
tion(1)by ii”and # (wherem and n arearbitrsryintegers)
andintegratingfrom y = O to y = 5. Thisequationcontainsthe
VonK&m& integralmomentumandtheintegralkinetic-energyequations,
sticetheseequationsarederivedfromthebouni@ryzlsyerequationby
takingappropriatevaluesof m and n. TheVonKarm& momentumequa-
tionisderivedfromtheboundary-layerequationwhenitisintegrated
withrespecto y. Thus,for m=O and y= O,equation(2)should
reduceto themodifiedmomentumequation.
For m=n= O,equation(2)becomes
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sincefor n = O,
.
.
.
Je=Me= 110= O
Also,for m=n=Oj
and
J6Le= (f~ l)dyo
Thus,itfOllowsthat
N=l
L=-H
andequation(3) becomes
whichiS
tion(4)
the term
de
— .+99H+ 2)=
dx Uax
themcdifiedVonK&l&l
withthewel.1-lnmwnVon
(4)
mcmentumequation.Comparisonf equa-
K&m&n momentumequationindicatesthat
J523—m)@;Oax
isthecontributionduetotherateof increase
stressinthestreamdirection.
~ thevalueof df3/dxofequation(4) is
tion(3), andthefurtherapproximationismade
filesforma single-parameterfamilyof curves
..
(5)
of theReynoldsnormal
substitutedintoequa-
thattheveloci~pro-
f = f(~,H) where
———.. —-
..__— —
—.—— ——
8equation(3) becomes,afterlengthymanipulation~
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J
5
n(J-M)-N-(m+l)
pu’ o 1f’fm$dy+
Thekinetic-energyequationisobtainedby lettingm = 1 and
n = O. For n = 0, theintegralsI, J,and M havefiniteintegrands.
Whenm=l andn=O, L=O md
N=:~5 f(l- f’)dy= K
Then
m
—= N’=K’=~
m
Fortheseconditions,equation(6) reducesto
-K+’ ~f~~[1(~dH=edUK(H -l) 70 ‘)o b’.— -—& Udx K’ pu’ K’
[
—
J~a— J8K 0 ~(u’u’)dy-2 0 f :(U’U’)dy
$ K’
—
whichisthemodifiedkinetic-energequation.
(7)
.
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Equation(7) showsthatthecontributionftherateof increaseof
theReynoldsnormalstressh thestreamwisedirectionresultsintwo
termswhichdifferinsign.
Inreference9, powerprofileswereassumedinthekinetic-energy
equationwithoutobtaininganyresidueterm. Equation(7) wastheri
introducedh appendixC ofreference9 sadpowerprofileswereagain
assumedbut,forthedataavailable,no pertinentvaluesforthesumof
thelasttwotermsof equation(7)wereobtained.
Determinationf theStresmwiseVariation
of the u’ Fluctuation
The integrals
and
arecontainedinthemodifiedmomentumandkinetic-ener~equations.
H itwerepossibletopredictexactlythemannerinwhich u’ varies
with x, theaboveintegralscouldbe obtainedeitherby numericalor
graphicalintegration.Sinceno exactexpressionexists,theintegrals
mustbe evaluatedby approximatem thods.Onesuchmethdlinvolvesthe
determinationftheparametersuponwhich u’ depends.Thismethod
requiresomesuitableapproximationf therelationbetweenu’ and X.
The workof G. I.Taylor(ref.13)suggestsucha relationship.
Ifthemeanflowina convergingentryisassumedtobe irrota-
tional,thedisturbanceorfluctuationcanbe regardedasduetovor-
ticity.Theeffectofthecontractionistoelongatefilamentsofpar-
ticleslyinginthedirectionofthemeanflowandtocontractfilsments
lyingperpendiculartothemeanflow. Itis shownindetailinrefer-
ence13that, ifthevorticesareverymuchelongatedinthedirection
of thestream,thecontractionfthedisturbancesi ininversepropor-
tiontothecontractionfthemeanflow. Fora differentarrangement
.— —— ———.-————
—. ——-
—
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or elongationof these vorticestheproportionalityconstantvariesfrom
1.0to o.~. Thus,ifthemeanflowincreasesfrom ii to Zli,thefluc-
tuationdecreasesfrom u’ to u’/2 or u’/2z,dependingonthevor-
ticespredominantintheflow. Thisconceptgivesfairresultsforthe
relationbetweenu’ and Ii fortheflowina contractingchannelike
theentranceconeofa windtunnel.
Itisrealizedthatthisconceptpertainsto a flowwherethe
effectsofviscousandturbulencestressesaresmall.Inthepresent
worka relationthatcanbe usedina boundarylayerisneeded.A test
of~lor’s conceptwasmadefromthedataofreference8. The rela-
tionis
or,innondimensional
u’
()()
u’ iiu—=
u -irrtir: (8a)
wherethesubscriptr denotesreferencequantitieswhichareconstit
foranyparticularstreamline.TheprocedureforcalculatingtheaxiaUy
fluctuatingtermsconsistsindeterminingthequantitiesfora reference
station.Equation(8) isthenusedto calculateu’ alonga streamline
forvariousvaluesof x,when ~ isknownasa functionof x.
Theresultsobtainedby usingequation(8a),wherethereference
quantitieswereevaluated04y at x = 17.5feet,sregivenintableI
andshownplottedinfigure1. Theresultsindicatethatequation(8a),
insofaras theflowina boundarylayerisconcerned,isconsiderably
affectedlytheviscousandturbulencestresses,whicharelsrgeinthis
case. Infigure2,forwhichthecalculationsaregivenintableII,
twocomputedcurvesareshownforthestationat x = 22.5feet. The
17.~-footstationwasusedasthereferenceto evaluatethelowercurve
andthe20.O-footstationwasusedaathereferencetoevaluatethe
uppercurve.TableIIandfigure2 indicatethattheresultsarein
fairagreementwhenthereferencestationistakenjustaheadofthe
stationforwhichthecomputationsaremade. Theseresultsindicate
thattheTaylor elationmaybe sufficientlyaccurateto suggestparam-
etersuponwhichthetermsinvolvingtheeffectoftherateof increase
oftheReynoldsnormalstressdepend.
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Determination
I-1
f theParametersfortheTerm
1J’6a——(u’u’)dyPoax
Thepurposeof thissectionistodetermineparametersuponwhich
theterm(eq.(5))involvingtheeffectoftherateof increaseof the
Reynoldsnormalstressmaydepend.Theresults,of course,arenot
basedona rigorousanalysisince,as indicatedinreference13,the
exactvortexpatternsandtheeffectsofviscosi~anddiffusioncannot
be determined.
IftheTaylorelationshipsassumedtobe sufficientlyaccurate
to applytotheflowina.boundarylayer,equation(8)maybe squared
toobtain
(9)
Sinceu‘2 at theouteredgeoftheboundarylsyerisassunedto
be zero,theexpressionforequation(5)is
J
ba—
(J )
5 ~%$ ()X(u’u’)o =+: o
or,uponuseofequation(9),
J (f
8—
5 -?-(~)dy = ~ & o ‘r’2‘r =Z
+Oax )
21@ (lo)
Let @ sothatthetermontherightbecomes
(f
ld51
——@2 dx )
o ~’2~2<~d~
or
.—— -——
_ — .—..—...
——. .—..—— .——-
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Iftheassumptionismadethat E–. fl(H,~)and 0 isintroduced
u
into both thenumeratoranddenominator,equation(10)becomes
Upondifferentation,thisequationbecomes
where
Itshouldbenotedthattheparametersof equation(XL)which,
ba
althoughnotcomplete,controltheterm ~
J& o &(=)@ ‘sO am=
J
6
totheterm ~
$0
f :(m)@ since
Aswasstatedpreviously,theresultsrenotbasedona rigorous
_sis @ thelistofparametersobtainedmaynotbe consideredcomplete.
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DeterminationftheParameters
DissipationCoefficient
forthe
Thepurposeof thissectionistosuggestparametersofthe
dissipation-coefficienttermwhichappearsinequation(7),whichis
or
Thisintegralismadedimensionlessby dividingy by 5 to obtain
H thesheardistributionacrosstheboundarylayerwereknown,the
aboveintegralcouldbe solvedeithernumericallyorgraphically.The
workofFediaevsky(ref.14),whoevaluatedthesheardistributioni
termsofa powerseriesin ~ basedon theparameterAl where
(M)
suggestsa possibleapproximatesheerdistribution.TheFediaevs@ana-
lysisisknowntoprovideonlyanapproxhationtotheshearing-stress
distributionacrosstheboundarylayer.Itthusfolhwsthatthelist
ofparametersobtainedfromequation(E’)isnotcomplete.
A relationshipwasderivedinan analysismadeby C.duP.Donaldson
at theLangleyLaboratoryin1952asfollows:
2
-—
r-l-lTo= A(H)qRb
—
—. .-
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Thus,equation(12)becomes
2
1 dq pi-? —A1=-— —C—
2qdx
&
qA(H)
or
2
()
1 mmAl=-Z3~——qdXeA(H)~
‘I!&factor(e/~)2/(r+l)is introducedinto
Since 5/0 issomefunctionof H,
equation(12)togive
—
[
2
0 dq Rem, B(H)Al= A1---
Thus
andsince af— = f(H,~),
a~
(13)
wheretheright-handsideof equation(13)containstheapproximatelist
of controllingparametersforthedissipationcoefficient.
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Theconsiderationoftherateof increaseoftheReynoldsnormal
stressinthestreamdirectionledto thederivationofthemmiified
momentumequation(eq.4):
andthemodifiedkinetic-energyequation(eq.7):
,+= [1EIdUK(H - 1)——dx Udx K’ -
L J
—
K’
L J
Equation(4)differsfromtheVonK&m& momentumequtionby the
term
1
J
~~—
z(U ‘U‘)dy
~.
whichistheadditionalstressdueto theinclusi&of theReynoldsnormal
stress.Valuesofthistermcomputedfromthedataofreference8 are
plottedinfigure3. Themagnitudeofthistermisshownto increase
sharplyas separationisapproached.Thedatainfigure3 havealsobeen
presentedinreferences7 and9.
Valuesof de/dx computedfromequation(4)by useoftheexperi-
mentalvaluesof e and H fromreference8 andtheskin-frictionformula
ofre?e~~nce5 me plottedinfigure4. Forcomparison,valuesfromthe
VonKarmaxIequationareshown.Itis seenthatequation(4)agreesbetter
withthefaireddataofreference8. Thedataoffigure4 werealsopre-
viouslypresentedinreference9.
————— —.
.—...— —
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Equation(7)differsfrom
ence(n) by theexpression
NACATN3049
thekinetic-energyequationofrefer-
1
K’ I1- -1
where K istheratioofthekinetic-ener~thicknesstomomentumthick-
ness. Thecurvesanddataforfigures5 and6 arethesameasthosein
reference9 (figs.24(a)and24(b)),whichwereobtainedby usingequa-
tion(7)withpowerprofilesbeingassumed.TheeffectoftheReynolds
normalstressisseentobenegligible.
Ontheassumptionthatthestreamwisefluctuationsvaryaccording
toequation(8),itwasfoundthattheterm
1 J6a——(UIU1 )dyF@x
dH 0 dq
wascontrolledapproximatelyby themean-flowparameters6 —, — —,dx qdx
and H (eq.(n)). It canbe shownthat ~ dependsuponthesesame
parametersiftheskinfrictiondependsonReynoldsnumberandthe
shapefactorH. b figure7,whichistakenfromfigure8 ofrefer-
ence9, theterm
‘R 1
J
b&—___
—=—
2q U2 o
-#’n’ )dy
is plottedagainste ~ andthescatterisratherlarge.Thisresult
maybe duetofailureto includetheotherparameterssuggestedherein.
Whenanattemptwasmadeto correlatethedataoffigure7 by usingthe
e dq edHparametersH and –— aswellEM ~,
qdx
no correlationwasobtained.
e dqItshouldbe noted,however,thatthevaluesof 0 ~ and ~= are
obtainedby takingslopesfromcurvesfairedthroughexperimentalpoints
andsrejtherefore,subjectosomeuncertain@.Moreover,it shouldbe
3C
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z is obtainedfromnotedthat 2q
L —
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where ~ ispositive,~&(H+ 2) isnegative,and ~ ispositive.
puz
TR
Thus ~ is thedifferenceb tweentwoquantities,eachofwhichismuch
‘Rlargerthan ~ andeachofwhichinvolveslopesofexperimentalcurves.
Thelackof correctioncanthusbe causedby thedifficultyinobtaining
dH 0 dqaccuratevaluesof e —, of - —, andespeciallyof ~. Ontheotherdx ~dx 2q
hand,thelackof correlationcan’alsobe causedby theincorrectchoice
ofparameters.Moredataarenecessaryto determinemoredefinitelythe
reasonfortheinabilimto correlatethedataoffigure7 by thesug-
gestedparameters.
Theshear-worktermof equation(7)or
e dq
wasfoundtodependontheparameters— —, Re,~d D(H). Thisqdx
dependencyagreeswiththeresultsho~ infigure8,whichistakenfrom
reference9,figure6.
Theresultsasgivenhereinindicatetheneedformoreexperimental
measurementsofturbulentaxialfluctuatingvelocitiesinturbulent
boundarylayers.Ifsufficientdatawereavailable,it couldbe deter-
minedmoredefinitelywhethertheReynoldstresstermsdependuponthe
suggestedparameters.~ addition,thetwoadditionaltermsofthe
mcdifiedkinetic-ener~equationcouldbe evaluatedsoas todetermine
whethertheirneteffectisstillnegligiblefora largerangeof
conditions.
———.—. .-.—— —. —
—
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CONCLUDINGREMARKS
A generalintegralformof theboundary-layerequationwhich
includedtheReynoldsnormal-stresstermwasderived.Fromthisgeneral
integralform,twospecialequationswereobtained.Theywerethemodi-
fiedmomentumequationandthemodifiedkinetic-ener~equation.Both
expressionsincludedtheeffectof theReynoldsnormalstressinthe
streamdirection.
Theparametersforthedissipationf themean-flowkineticeaer~
by theshearingstressweresu~estedby theuseoftheFediaevskyana-
lysisfortheshearingstressacrossturbulentboundarylayersandby
theuseofa frictionformulathatmakesthesurfacesheardependonthe
shapeof thevelocityprofileaswellas ontheReynoldsnumbers.The
parametersobtainedinthiswaywerefoundtobe thesameasthosepre-
viouslyassumedby otherinvestigators.
TheparametersfortheReynoldsnormalstressweresuggestedby
assumingthata relationbetweenthelocalfluctuatingaxialvelocity
andthelocalmeanveloci~thatisusefulinwindtunnelscanbe used
toobtainsomeoftheparametersuponwhichtheReynoldsnormalstress
maydepend.A testoftheseparametersby a limitedamountofdata
showednobettercorrelationthanpreviouslyobtainedby otherinvesti-
gatorswhousedonlyoneof thethreeparametersobtainedinthisanaJ--
)-sis. Thisresultmaybe causedby incorrectparametersor insuffi-
cientdata.
IangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
LangleyField,Vs.,August25,1953.
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TABLE I
CALCULATED TURBULENCE!INTENSITIES FOR mmmm STAIIIKEJx s 17.5m
u’/u u’/u
Y? (u’/u)r y, YJ
-h. (ftied) in. -~ Experimental In.
(faired) Cmputid
Ekperlmsntal
(faired)
.
x = 17.5 ft
o ------
.10 0.CF326
.20 .0975
.30 .@27
.40 .0783
.50 .0745
.75 .(%70
1.m .0596
1.50 .CW7
2.m .0280
2.50 .0G38
2.70 .oc62
3.25 ------
0
.ml
‘.375
.550
.725
.875
1.275
L 650
2.340
3.020
3.675
3.925
5.000
x=22.5ft
--.-- -----
0.119 0.103
.IJ-8 .1.15
.ILO .117
.103 .116
.U-5
:% .l@
.072 .100
.032 .C&l
. @l . (58
.034
:%- .025
----- -----
0
.mo
1.100
1.525
1.850
2.125
2.775
3.370
4.310.
5.2m
6.025
6.325
8.150
x = 25.4ft
----- -----
0.234 0.10!3
.215 .lQ
.18.9 .115
.162 .120
.ti6 .124
.U8 .I-29
.Cgo .E6
.60 .115
.033 lW
.010 .69
.0CX5 .050
----- -----
Is
TABLE II
CALCULATEDTURBULENCEIMTITJSMICEK3FROM REFERENCESTATIONS x = 17.5FEETAND 20.0FE21?T
uf/u
ut/u
u’/u
Y7
Experimental y&. Y)in. (faired)
Experhental Computed In. Experimental(fained) (faired) Computed
x = 17.5ft x = 20.0 ft x = 22.5ft
o ------ 0 ------ ------ 0 ------ ------
.10 0.w26 .120 0.@52 0.1030 .180 0.1030 O.I21O
.20
.0875 .258 .0361 .Q)80 .375 .1150 .1220
.30 .0827 .370 ..W9 .- .550 .1170 .I.lao
.40
.0783 .492 .0895 ;@J: .725 .1160 .1140
.50 .0745 .703 .c@J+2 .875 .1150 .lxx)
.75 .V570 .900 ::7 .0703 1.275 .lQ)O ;C&;
1.00 .c596 1.182 .c669 1.650 .lCCH)
1.50 .CJ+57 1.740 .@l .dt98 2.340 .Ch9d+ .C&q
2.m .0%0 2.285 .0343 .CLJ87 3.020 .0583 .0368
2.Yo .C088 2.820 .0U27 .WJ8 3.675 .0344 .0130
2.70 .cKf52 3..038 .m74 .m62 3.925 .0252 .0074
3.25 ------ 3.630 ------ ------ 5.OW -.---- ------
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– – Calculated (equation (6))
\ — Falred lxperimental data (ref-8)
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Figurel.- Turbulence htenaitiee from data of table I.
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-——— - Calculated (equation (6), rsf, station x = 20.0 ft )
\ —. — Calculated (equotbn (8), ref. stotlon x = 17.5 f t )
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Figure2.- Turbulence intensities frcm data of table II.
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— Faired experimental data (ref.8)
I
+
2 :
Stmemwlae variation of turbulent fluctuation.
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0 Calculated (equation (4))
— – Von Karman momentum equation (ref. 10)
— Falred experimental data ( ref. 8)
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Figure4.- Streamwke variation of t.ennain the momentum and mwlified
momentum equations.
— Calculated (ref. 11)
—- Calculated (equation(7))
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Figure 5.- Strewntise variation of shape-factor gradient.
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Figure6.- Streemwise variation of shape factor.
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Figure7.- Correlation of tubulent-nomal-dress coefficient as a
function of the nondimensional shape-factor gradient. (Test
points are identified in fig. 8 of ref. 9.)
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Figure 8.- Correlation of dissipation coefficient as a fumction of the
nondimensionalpressure gradient. g
